The Southern Ocean is a key region for silica (Si) Biogenic Si is tightly coupled to both chlorophyll and particulate organic carbon at the 24 sampling site, consistent with diatom-dominated phytoplankton assemblages along the WAP. 25
high productivity, and consequently play a major role in the biological pump of carbon by 34 affecting the air-sea balance of CO 2 and the export of organic carbon (C) to deep waters 35 (Sarmiento et al., 2004 (Sarmiento et al., , 2007 . This area is also of great significance to the marine silica (Si) 36 cycle (de Souza et al., 2014) as the dominant phytoplankton group is diatoms; these take up 37 silica to form siliceous frustules and account for up to 75% of primary production ( 
2014b). This is especially important in the 84
Southern Ocean, where calcareous organisms are scarce and thus the widely-used proxies 85 based on calcareous sediments are less useful than in low-latitude regions. 86
Questions remain in our understanding of the processes controlling Si fractionation, 87 however. Chief among these are the effects of temperature and diatom speciation on Si 88 fractionation in oceanographically-relevant conditions. Increasing incorporation of Si 89 concentrations and isotopic data in modelling studies (Gnanadesikan and Toggweiler 1999 , 90 Wischmeyer et al., 2003 , Reynolds 2009 ) requires an understanding of the fractionation 91 associated with biological uptake throughout the world, but especially at the low temperatures 92 typical of the Southern Ocean where Si availability is high and polar diatom species 93 dominate. A separate paper analyses mixing and drawdown aspects of the Si system at the 94 measurements of the isotopic composition of the Si d pool with high-resolution diatom species 96 data. These complementary records are used to investigate the effects of changing diatom 97 speciation on Si isotopic signatures in the ocean. Further, a seasonal Si budget is derived for 98
Ryder Bay, to assess variations in Si-use in the context of current climate change. 99 temperature. All plastic ware for sample collection, filtration and storage was acid-cleanedSamples for diatom species analysis were collected from pump outflow, stored in 250 167 ml amber glass bottles, and preserved with 2.5% Lugol's fixative (iodine solution) which was 168 lowered to pH <7 to prevent dissolution of silica. Samples were stored in the dark at 4°C until 169 they were filtered (~2-24 hours after collection). Volumes of 50-100 ml were filtered gently 170 onto 25 mm, Millipore® HAWG (0.45 µm) filters, which were then covered with foil and 171 dried overnight in an oven at low temperature (37 °C). The dry filters were mounted on slides 172 using microscope immersion oil and gentle heating, according to the methods in the 173 
Dissolved Si concentration 185
Concentration of dissolved Si was determined spectrophotometrically using HACH® 186 reagents (Silica Reagent Set, Ultra Low Range, Bulk Solution), following the manufacturer's 187 directions. This method is based on the formation of a blue silicomolybdate complex, which 188 can be assessed quantitatively by measuring absorbance at 812 nm in a 1 cm cell. Samples of 189 l ml were diluted with 2 ml Milli-Q to prevent interference from the saltwater matrix, which 190 was < 5% at this dilution level (results not shown 
Diatom species composition 239
Diatom counts were performed using a Leica microscope at 500x magnification. The 240 HAWG filters are pre-printed with grid squares of 9.50 mm 2 , and phytoplankton were 241 enumerated and identified in three randomly-chosen grid squares. Cells were identified to 242 species, genus or group level (as possible), using the taxonomic guidelines outlined in Hasle 243 and Syvertsen (1997). In the event that less than 300 cells were enumerated in three grid 244 squares, additional squares were counted until the cell total exceeded 300. Counts were 245 combined with the fraction of the filter area scanned and the volume filtered to convert these 246 to cell concentrations per ml of seawater. For very large species (e.g. Coscinodiscus spp), 247 additional squares were scanned and counted only for these species, and abundances for these 248 species calculated based on the larger filter area analysed. 
Particulate biogenic Si 296
In agreement with a small chlorophyll bloom that began prior to sampling, BSi was 297 initially high, but declined into January (Figure 3c ). The late-season chlorophyll peak is 298 concurrent with BSi increasing from mid-January to a maximum of ~9 µM in mid-February. 299
BSi was also measured in the top 25 m of the water column, as for dissolved samples, and 300 trends from 15 m water samples were found to be largely representative of the surface waters 301 as a whole, with slightly higher BSi found at 0-10 m on two occasions. 302 supplied, and the product sinks and is lost from the system. For this study, there is a strong 394 regression for both systems (Figure 7) . Because of the moderate extent of drawdown 395
(maximum 30%), the theoretical trends for the two systems are very similar over this range of 396
Si d concentrations, and therefore these data cannot discriminate between the two models. 397
Of particular significance in the above analyses are the slope values, which in both 398 cases represent the fractionation factor, ε. These ε estimates are -1.19 ± 0.13 ‰ (closed) and 399 closed-system dynamics), and overall any species effects are minor in surface water samples. 444
While this initially suggests that a species effect is unlikely to be seen at the resolution 445 typically available in sedimentary records, differential dissolution and preservation of diatom 446 species could exaggerate the minor isotopic effects suggested here, leading to significant 447 implications for sediment studies. 
Isotopic effect of seasonal succession in diatom community and size classes 460
These data also suggest that some of the species and size dependent differences in 461 δ 30 Si seen in sedimentary layers could be related to the temporal succession of the diatom 462 community over the growing season, and may not be related to species-specific changes in ε. 
Implications for Si cycling 536
The intense warming and strong decrease in chlorophyll in the northern areas of the 537 WAP (Montes-Hugo et al., 2009) suggest that, as warming progresses, more areas will 538 experience a decline in phytoplankton production. As this decrease results from changes in 539 diatom communities, it will strongly impact the extent of opal production and Si cycling. respectively. Given the small range of values here we are unable to discriminate between the 581 two systems, but both estimates are highly consistent with those found for a previous 582
Southern Ocean study . 583
Diatom speciation can potentially affect ε, and the data presented here suggest that 584
Chaetoceros species, especially their resting spores, and Coscinodiscus species may have ε 585 values higher than the bulk community average. Within our ability to resolve Si isotopes, 586 Table S1 , and the 918 rational for each value is described here. 919
The first sample collected from the 2009 season was used as a best approximation of 920 WW conditions (55 µM, 1.585 ‰), although there is evidence that there had been some BSi 921 production already, thus this will underestimate total BSi production. 
